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Abstract: Nasopharyngeal carcinoma (NPC) is a common head and neck cancer. The 
incidence rate is higher in southern China and Southeast Asia in comparison with the 
Western countries. Radiotherapy is the standard treatment of NPC as the cancer cells are 
sensitive to ionizing radiation. Radiation treatment has good local control to patients with 
early NPC. It is essential to monitor the response of the NPC cells to radiation treatment in 
advance in order to select suitable treatment choice for the patients. This review aims to 
discuss the potential use of biomarkers in monitoring the responsiveness of NPC cells to 
radiation treatment.  
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1. Introduction 
1.1. General 
Nasopharyngeal carcinoma (NPC) is a head and neck cancer that originates in the nasopharynx (the 
upper portion of the throat behind the nose toward skull base). NPC is a non-lymphomatous squamous 
cell carcinoma arising from the lateral epithelial lining of the nasopharynx. In the nasopharynx, the 
carcinoma cells are frequently found in the pharyngeal recess (fossa of Rosenmüller) and the 
eustachian tube opening in the nasopharynx [1]. According to the histological classification of World 
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Health Organization, there are three types of NPC: WHO Type 1 NPC is keratinizing squamous cell 
carcinoma; Type 2 NPC is non-keratinizing carcinoma; Type 3 NPC is keratinizing undifferentiated 
carcinoma. Different from other head and neck cancers, the prevalence of different type of NPC varies 
in different geographic locations. In total, the incidence of NPC is higher in Southern China in 
comparison with the Western countries. In North America, 25% of the NPC are type 1 NPC.  
In comparison, only 2% of the NPC in southern China are type 1 NPC [1]. In southern China, type 3 
NPC (undifferentiated NPC) is dominant and constitutes over 90% of the total NPC. Both ethnic 
background and environmental factors contribute to the risk of NPC development. Chinese emigrating 
to Southeast Asia or North America will remain as a high risk population. In contrast, the incidence is 
much lower for the Chinese born in North America [1–3]. Overall, Southern China and parts of the 
Artic region have the highest number of reported cases [4]. Guangdong province in China and Hong 
Kong have the highest incidence rate around the World, with incidences ranging from 20–22 per 
100,000 men and 8–10 per 100,000 females [5].  
1.2. Nasopharyngeal Carcinoma and Radiotherapy 
The mainstay treatment for early NPC is radiation therapy, as the tumor is very sensitive to 
radiation. Tumor stage and tumor histology have a major influence on the treatment outcomes and are 
a significant prognostic factor for local or regional control of NPC. Radiation treatment is effective to 
control the early tumor with good prognosis. The 5-year relative survival was 65%–85% for the 
nonkeratinizing and undifferentiated NPC and 37% for the keratinizing NPC [6,7]. Radiation 
treatment, however, does not prevent the development of locoregional recurrence and distant 
metastasis, especially when the tumor is in the advanced stage (type III or IV). For NPC patients  
with advanced stages (stage III, IVA, and IVB), the combination of radiotherapy with concurrent 
chemotherapy (CRT) has resulted in 5-year overall survival rates of 50–70% [8]. Nonkeratinizing 
(WHO Type 2) or undifferentiated NPC (WHO type 3) have a better response rate to radiation 
treatment in comparison with the WHO Type 1 keratinizing squamous cell carcinoma [9]. In 
comparison with the differentiated NPC, undifferentiated NPC is more aggressive, with a higher 
incidence of distant metastasis [7,10]. However the response rate to treatment is better than the 
differentiated counterpart, resulting in a better clinical outcome. Non-keratinizing and undifferentiated 
NPC have a significantly better regional control rate in response to radiation treatment in comparison 
with the differentiated keratinizing NPC [10]. Common complications after radiation treatment include 
acute skin and mucosal reactions. For patients treated with radiation alone, the major skin reactions 
include erythema, dry desquamation and moist skin desquamation; mucosal reactions including 
erythema, patchy mucositis, and confluent mucositis are also observed [9].  
2. Radiotherapy 
2.1. Cellular Responses of Cancer Cells to Radiation 
Radiation kills the cancer cells by inducing cell death following DNA damage at both the structural 
and functional levels [11]. The water in the cell absorbs the energy from the ionizing radiation 
generating reactive radical intermediate such as superoxide radicals. High contents of these reactive 
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radical intermediates such as reactive oxygen species will cause lipid peroxidation, protein 
modification and DNA damage [12]. Common radiation-induced DNA damages include base 
oxidation, DNA double-strand breaks and DNA fragmentation that could initiate apoptosis by 
activating cysteine aspartyl proteases (caspase). Accumulated DNA damage will also cause cell cycle 
arrest and delay DNA replication and inhibit cell proliferation [13]. As discussed above, the histology 
type of NPC is the major determining factor for the local regional control of NPC with radiation 
therapy. It is suggested that the radioresistant phenotype of particular NPC reduced the therapeutic 
efficacy and decreased the overall survival rate [14]. In order to study the toxicity of ionizing radiation 
on nasopharyngeal carcinoma cells and to improve the responsiveness of nasopharyngeal carcinoma 
cells to radiation, cellular response and molecular markers are currently under evaluation to quantify 
the degree of effectiveness of ionizing radiation on the carcinoma cells.  
2.2. Methods Employed to Study the Effects of Ionizing Radiation on Cancer Cells 
To study the effects of ionizing radiation on carcinoma cells in vitro, the most commonly used 
method is the clonogenic assay reported by Puck and Marcus in 1956 [15]. They studied the effects of  
X-rays on cervical carcinoma cell line HeLa and estimated the radiation sensitivity by the capacity  
of the examined cells to form marcoscopic colonies under ionizing radiation. To study the effects of  
cell-cycle arrest after irradiation, flow cytometry is often used. As ionizing radiation could induce 
apoptosis by activating the the caspase family, caspase activation is employed as an index of the 
apoptotic response after radiation treatment. For example, caspase-3 is activated by proteolytic 
cleavage into two subunits (heterodimers of 17 and 12 kDa). By measuring the activated form of 
caspase-3, the degree of apoptotic response could be estimated [16]. Another marker of apoptotic 
response is the translocation of phosphatidylserine (located at the interior side of the plasma 
membrane) to the external surface of cell membrane. It is an early-to-intermediate response in the 
apoptotic process. This alteration in the plasma membrane could be monitored by Annexin V,  
Ca2+-dependent phospholipid-binding protein with high affinity to phosphatidylserine [17]. Recently, it 
was found that the histone H2AX (a component of the histone octomer of the nucleosomes) is subjected 
to heavy phosphorylation when double-strand DNA break is induced by ionizing radiation [18]. H2AX 
phosphorylation is a rapid response and will occur within 1 to 3 minutes after DNA damage is  
induced [19]. Phosphorylation of H2AX is a critical step in recruiting the DNA repair machinery [20]. 
The quantity of the phosphorylated H2AX could be quantified and visualized with an antibody that 
recognized the phosphorylation on the 139th serine residue [21]. Figure 1 demonstrates the effects of 
ionizing radiation on nasopharyngeal carcinoma cells in vitro. Further, the quantity of phosphorylated 
H2AX has the potential to be used as a biomarker for in vivo radiotherapy. To assess the relationship 
between radiation dose and the quantity of phosphorylated H2AX in cancer patients, Sak quantified the 
number of phosphorylated H2AX foci in peripheral blood lymphocytes from patients subjected to 
radiotherapy [22]. A linear correlation was found between them [22]. In addition to peripheral blood 
lymphocytes, the number of phosphorylated H2AX foci could also be quantified in paraffin-embedded 
biopsies from patients undergoing radiotherapy [23,24]. Qvarnström demonstrated a linear correlation 
between phosphorylated H2AX foci and radiation dose in skin biopsies from prostate cancer patients 
undergoing radiotherapy [23]. Olive found that radiation induced phosphorylated H2AX foci 
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formation in biopsies from patients with cervical cancer [24]. However, the relationship between  
the number of phosphorylated H2AX foci and clinical response and outcome should be evaluated  
in future. 
Figure 1. H2AX phosphorylation in undifferentiated nasopharyngeal carcinoma cell 
HONE1. (A) a dividing cell with intact nuclei without exposing to ionizing radiation;  
(B) HONE1 cell after exposing to 8 Gy ionizing radiation. The cells were fixed 24 hours 
after radiation, blocked and incubated with rabbit polyclonal anti-gamma H2AX (phospho 
S139) antibody (abcam). FITC Goat Anti-Rabbit IgG Conjugage (Invitrogen) was used to 
visualize phosphorylated H2AX in green. The nucleus was stained by blue-fluorescent 
DAPI (Invitrogen); F-actin was labeled in red with Alexa Fluor® 635 phalloidin (Invitrogen).  
 
3. Biomarkers for Use to Monitor the Response to Ionizing Radiation 
3.1. Epstein-Barr Virus (EBV) 
EBV is a gamma herpesvirus with double-stranded genomic DNA [25]. The association between 
EBV and human cancer was first described in 1966 [26]. Later, it was confirmed that NPC is closely 
associated with EBV infection as patients usually have elevated titers of EBV specific antibodies [27]. 
With the use of in situ hybridization, EBV-encoded RNAs are detected in all the NPC tissues [28].  
It has been reported that EBV-determined nuclear antigen (EBNA), early antigen (EA), EBV DNA, 
EBV genomic LMP1 gene and ZEBRA protein were reliable prognosis markers for NPC patients 
subjected to radiotherapy. Shimakage observed that the EBNA antibody titers were increased in most 
sera of 36 NPC patients. The changes of the EBNA titers after ionizing radiation treatment were 
measured [29]. The EBNA antibody titers were reduced to normal level and maintained for a long time 
in 17% of patients (6/36) with good clinical prognosis after radiotherapy, while the EBNA antibody 
titers remained high in 17% of patients (6/36) with recurrence or metastases [29]. However, the use of 
EBNA antibody titers to monitor the response of radiation therapy remains controversial as it is 
evaluated in small cohort. In a study with 373 NPC patients (99 in Hong Kong, 120 in Tunisia and 154 
A B 
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in Villejuif), the values of IgG and IgA antibodies to viral capsid antigen (VCA), EA or EBNA were 
evaluated concurrently. It was reported that the increasing titers of IgG/EA and mainly of IgA/EA is 
more informative and has predictive value to disease relapse [30]. Patients with increased titer of 
IgG/EA exhibited higher risk of relapse in comparison with patients with stable or decreased titer (41% 
versus 28%) [30]. In addition, patients with increased titer of IgA/EA also displayed higher relapse 
rates in comparison with patients with stable or decreased titer (43% versus 25%) [30]. Another 
candidate biomarker in this regard is EBV BZLF-1 replication activator (ZEBRA) titers. 97% (85/88) 
NPC patients exhibited upregulated EBV BZLF-1 replication activator (ZEBRA) titers in comparison 
normal individuals [31]. Patients with high ZEBRA titers were found to have lower survival rate 
(25%) after radiation treatment in comparison with patients with low (76%) or internmediate titres 
(62%) [31]. Furthermore, increased titers were observed in 84.6% of patients (11/13) developing 
distant metastasis either in the lung or liver, while patients with remission, local recurrence or bone 
metastasis displayed decreased or stable titers [31]. These results demonstrated that ZEBRA titer could 
be used for prognosis in NPC patients upon radiotherapy.  
Apart from the EBV-specific antibodies, the genomic DNA of EBV is also elevated in the 
peripheral blood and body fluids of NPC patients [32,33]. Serum/plasma EBV DNA was detected in 
most of the NPC patients. The detection frequency is much higher in NPC patients in comparison with 
the normal counterparts (59% versus 13%) in Thailand [34]. The serum/plasma EBV DNA 
disappeared in 92% of patients (12/13) during the early phase of treatment [34]. In a follow-up 
experiment, EBV DNA could not be detected in 100% of patients (32/32) with complete remission, 
whereas it was detectable in 60% of cases (3/5) with recurrence or partial response, indicating that 
EBV DNA was a valuable marker for the irradiation treatment of NPC [34]. EBV DNA was decreased 
after radiotherapy in 19 NPC patients with remission in Malaysia, but one recurrence case remained 
high EBV DNA level [35]. EBV genomic gene LMP1 was used as a biomarker to diagnose NPC 
patients in Taiwan with a sensitivity of 94.7% (36/38) and a specificity of 100% (28/28) [36]. The 
EBV genomic LMP1 gene was negative in 98% of patients (59/60) with overt remission, while all the 
patients (5/5) with local recurrence displayed positive results for LMP1 gene, suggesting that EBV 
genomic LMP1 gene was a reliable biomarker for evaluating the outcome of radiotherapy in NPC 
patients [36].  
3.2. Plasma RNA Integrity 
Apart from the circulating levels, the integrity of these cell-free RNA is an indicator to the clinical 
outcome of radiotherapy in NPC patients. Cancer patients had elevated cell-free RNA levels in their 
peripheral blood [37]. The RNA is mainly derived from the cancer cells with different degree of 
integrity in the circulation [38,39]. Wong performed an absolute quantitation of GAPDH transcript in 
the pre-treatment NPC plasma. In healthy individuals, there is a preponderance of the 5′ GAPDH 
mRNA fragment in comparison with the 3’ ends [40]. Thus, the ratio of 5′ and 3′ GAPDH transcript 
could be used as a non-invasive tumor maker as the RNA quality in cancer patients is usually low [41]. 
The RNA integrity in the circulation increased in 74% of patients (14/19) with clinical remission after 
radiotherapy [41]. 
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3.3. Serum Metabolites 
Radiation treatment will initiate specific metabolic reaction in the cancer cells. By quantifying the 
dynamic multi-parametric metabolic response, it is possible to identify suitable biomarkers for use to 
monitor the efficacy of radiation therapy [42]. Changes in endogenous metabolite levels in the body 
fluid involve technique used to quantity low-molecular weight compounds [42]. The low molecular 
weight metabolite could be detected with chromatography and mass spectrometry yielding a specific 
metabolite fingerprinting representing the effects of treatment. Recently, it has been shown that  
serum metabolites have potential to be used as markers for evaluating the clinical outcome of 
radiotherapy in NPC patients [43]. Kynurenine, N-acetylglucosaminylamine, N-acetylglucosamine and 
hydroxyphenylpyruvate levels were observed to be elevated in NPC patient sera [43]. These four 
metabolites were found to be reduced to the normal level and associated with rate of tumor reduction 
in 19 patients subjected to radiotherapy [43].  
3.4. MicroRNA 
MicroRNA are small non-protein-coding RNA, which regulate mRNA at post-transcriptional level. 
MicroRNA are small epigenetic regulators usually about 19–22 or 19–25 nucleotides long [44].  
In comparison with the normal counterparts, nasopharyngeal carcinoma displays a differential 
microRNA expression pattern [45]. The underlying mechanism concerning microRNA dysregulation 
in nasopharyngeal carcinoma is not yet clear. It has been reported that microRNA processing 
machinery is upregulated during the malignant transformation of head and neck cancers [46]. 
MicroRNA-100 is the upstream regulator of Polo-like kinase 1 (Plk1), a serine/ threonine kinase that 
coordinated the mitotic process. Expression of Plk1 is upregulated in nasopharyngeal carcinoma  
and is linked with the decreased microRNA-100 expression [47]. Recently, another microRNA  
(microRNA-205) was suggested to be linked with the radioresistance of NPC cells to radiation [48]. 
MiR-205 expression was observed to be increased in all NPC patients after radiotherapy [48].  
3.5. Gene Expression Patterns 
Intensive studies with a wide variety of technologies have been performed to assess genes 
associated with radioresistance in NPC. Recently, high throughput cDNA microarrays have been 
employed by two studies to identify genes involved in redioresistance in NPC. Chang carried out a 
cDNA microarray analysis to identify genes associated with radioresistance using two resistant NPC 
cell lines and their corresponding parental cell lines (NPC-076 and NPC-BM1) [49]. The expressions 
of seven genes were observed to be increased in resistant cell lines and two of them, gp96 and GDF15, 
were further validated by RT-PCR analysis [49]. NPC cells with silenced expression of gp96 or 
GDF15 were observed to exhibit delayed growth and reduced colonogenic survival compared to 
control cells upon radiation treatment [49]. Moreover, silence of gp96 or GDF15 resulted in elevated 
proportion of the cells in radiosensitive G2-M phase [49]. These results demonstrated that gp96 and 
GDF15 contributed to redioresistance in NPC cells. However, clinical data should be provided in 
future. In another study, Yang also employed DNA microarray to identify the genes associated with 
radioresistance by comparing the gene expression profiles of radiation-resistant patient biopsy 
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specimens and radiation-sensitive patient biopsy specimens [50]. Among the 111 differentially 
expressed genes, the increased expression of ZNF608 and CSF1R was further validated by real-time 
RT-PCR in 17 NPC patient specimens [50]. Pathway analysis showed that multiple pathways 
including cell ion homeostasis, cell proliferation, receptor protein signaling, membrane system, and 
humoral immune response were involved in radiation resistant in NPC [50].  
Besides high throughput cDNA microarrays, proteomics was also performed to identify proteins 
involved in radioresistance by comparing the protein profiles of NPC cell line CNE2 and a 
radioresistant subclone cell line CNE2-IR [51]. Among the 34 differentially expressed proteins, the 
suppressed expression of 14-3-3σ and Maspin and enhanced expression of GRP78 and Mn-SOD were 
further validated by western blot analysis in radioresistant cell line and control cell line [51]. Moreover, 
the suppressed expression of 14-3-3σ and Maspin and enhanced expression of GRP78 and Mn-SOD 
were observed to be correlated with NPC radioresistance with a sensitivity of 90% and a specificity of 
88% in the 39 radioresistant and 51 radiosensitive NPC tissues by immunohistochemistry [51]. 
Overexpression of 14-3-3σ partially sensitized the CNE2-IR cell to radiation [51]. These  
results suggested that the combination of the four proteins served as a reliable biomarker for  
NPC radioresistance. 
In addition to high throughput cDNA microarray and proteomics, some genes associated with 
radiotherapy have been identified by traditional techniques, such as ELISA, immunohistochemistry, 
immunoelectron microscopy, in situ hybridization, western blot and real-time reverse transcription-
PCR. These genes include iNOS, bcl-2, TNF-α, sIL-2R and Mn-SOD. Nitric oxide synthases (NOS) 
catalyzes the generation of NO, which participates in the initiation of apoptotic pathway [52]. Another 
protein bcl-2 is also involved in the apoptotic pathway by preventing the loss of mitochondrial 
membrane potential [52]. Since radiotherapy could kill cancer cells by inducing apoptosis, the roles of 
iNOS and bcl-2 in radioresistance are evaluated in 55 NPC patients. It was found that patients with 
recurrence exhibited a lower expression of iNOS with a sensitivity of 77% and a specificity of 62% 
and a higher bcl-2 expression with a sensitivity of 85% and a specificity of 60% [52], indicating that 
these two proteins were useful biomarkers for clinical prognosis of NPC patients after radiotherapy.  
Tumor necrosis factor-alpha (TNF-α) is known to enhance immune effects and radiation protection 
by triggering release of some cytokines, such as interleukin-1, prostaglandin E2, γ-interferon, and 
tumor growth factor [53]. Blood levels of TNF-α and soluble interleukin-2 receptor (sIL-2R) were 
dysregulated in 58 NPC patients with different stages in comparison with healthy controls [53]. 
Patients with recurrence were observed to displayed upregulated expression levels of these two 
proteins compared with patient with complete remission, demonstrating that they were potential 
valuable markers for monitoring outcome of radiotherapy in NPC patients [53]. Another research also 
demonstrated the prognosis role of sIL-2R in NPC patients [54]. NPC patients were found to exhibited 
upregulated level of sIL-2R than that of controls before treatment [54]. Although patients in  
relapse-free and in primary relapse after radiotherapy displayed similar sIL-2R levels, 2 patients with 
distant metastasis were observed to have higher sIL-2R levels, indicating that sIL-2R could be used to 
predict distant metastasis in NPC patients after radiotherapy [54].  
Manganese superoxide dismutase (Mn-SOD) catalyzes the dismutation of superoxide anion to form 
hydrogen peroxide. Mn-SOD could protect cells against irradiation by scavenging the reactive oxygen 
species generated by irradiation [55]. NPC CNE1 cells with higher expression level of Mn-SOD were 
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more resistant to radiation than CNE2 cells [55]. Further, it was found that 48% of radioresistant 
tumors (11/23) exhibited Mn-SOD expression, whereas only 4% of radiosensitive tumors (2/46) 
displayed Mn-SOD expression [55]. Silence the expression of Mn-SOD sensitized CNE1 cells to 
radiation, suggesting that combination of Mn-SOD gene silencing and radiotherapy may improve 
clinical outcome for NPC therapy [55]. 
3.6. Positron Emission Tomography (PET) 
Positron emission tomography (PET), an imaging technique based on molecular biology, can detect 
the physiological and biochemical aberrations of human tissues that occur in the earliest stages of 
diseases [56]. PET scan data can be qualitative by subjective visualization and quantitative by 
measuring the standardized uptake value (SUV) of tissue [57]. However, the low spatial resolution 
limited the use of PET. Therefore, the combination of PET and computed tomography (CT) has been 
developed to provide fused functional images and anatomical images [58]. 18F-fluorodeoxyglucose 
(18F-FDG) is widely used as PET radiotracer in oncology [57]. 18F-FDG-PET/CT has been applied in 
diagnosis, staging, prognosis and monitoring therapy response in a wide variety of cancers including 
lung cancer, head and neck cancer, brain cancer, lymphoma, oesophageal cancer, prostate cancer, 
breast cancer, colorectal cancer and pancreatic cancer [56,58].  
18F-FDG-PET/CT has been used as a prognostic predictor in NPC patients subjected to  
radiotherapy [59,60]. To assess the prognostic value of 18F-FDG-PET/CT, Xie assessed the association 
of maximal standardized uptake value (SUVmax) from 18F-FDG-PET/CT and the therapy outcome of 
62 NPC patients undergoing radiotherapy [59]. It has been found that patients with a lower SUVmax 
(<8.0) of tumor displayed higher 5-year overall survival and disease-free survival than those with a 
higher SUVmax (≥8.0) [59]. In a study including 75 NPC patients subjected to radiotherapy, Liu has 
also reported that NPC patients with a lower SUVmax (≤5.0) exhibited better 5-year local failure-free 
survival and disease-free survival than those with a higher SUVmax (>5) [60]. 
3.7. Circulating Tumor Cells 
Circulating tumor cells (CTCs) are cancer cells originating from the primary tumor or metastatic 
sites and circulating freely in the peripheral blood of patients [61]. The metastases of solid tumors are 
thought to be initiated by the invasion of tumor cells into peripheral circulation [62]. CTCs have the 
potential to be used for prognosis and monitoring therapy response in metastatic breast cancer, prostate 
cancer, colorectal cancer, lung cancer, bladder cancer, renal cancer, gastric cancer and liver  
cancer [62,63]. Increasing evidence demonstrated that CTCs are associated with therapy outcome such 
as progression-free survival and overall survival [62,63]. To evaluate the CTCs level in patients with 
lung cancer after radiotherapy, Ge used cytokeratin 19 (CK19) as a marker of CTCs and measured  
the level of CK19 in peripheral blood [64]. It was found that the level of CK19 decreased after 
radiotherapy, indicating that CTCs can be affected by radiotherapy in lung cancer [64]. Using CK19 as 
a marker of CTCs, Lin found that NPC patients with well-documented distant metastasis displayed 
high positive rate of CK19 mRNA, suggesting the positive detection of CTCs in the peripheral blood 
of NPC patients [65]. However, the association between the level of CTCs and radiotherapy should be 
evaluated in NPC patients in future.  
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4. Conclusions 
Although NPC cells are sensitive to radiation, the radiation dose is limited as the nasopharynx is 
located at the skull base in close proximity with multiple critical organs including brain stem, eyes, 
middle and inner ears, parotid glands and spinal cord [66]. Further, radiation treatment usually 
accompanies with undesirable complications including xerostomia, limb numbness, temporal lobe 
necrosis and neuropathy which increase the medical comorbidity and medical expenses [66]. In case of 
treatment failure, local recurrence is usually observed. Although the recurrent NPC patients could still 
receive re-irradiation, the prognosis is unfavorable, with a 5 year survival rate ranging from 8–36% [67]. 
Although high radiation dosage is better for local control, the prescribed dose is individualized 
depending on the tumor location and tumor volume. In order to monitor the efficacy of radiation 
treatment, the use of molecular biomarkers is beneficial as the test could be done in a non-invasive 
fashion using the peripheral blood or body fluids of NPC patients. The advantages and limitations of 
these molecular biomarkers are summarized in Table 1.  
Table 1. Biomarkers for monitoring responses of NPC to radiation. 
Biomarkers Advantages Limitations References 
EBV EBNA titers 1. Predict remission, recurrence or 
metastases 
2. Minimally invasive using serum 
3. Convenient  
4. Low-cost 
1. Data from relative small sample 
size (36 patients) 
2. Not useful for type I and II NPC 
[29] 
EBV EA titers 1. Predict relapse 
2. Data from relative large sample 
size (373 patients) 
3. Minimally invasive using serum 
4. Convenient  
5. Low-cost 
1. limited sensitivity and specificity 
2. Not useful for type I and II NPC 
[30] 
EBV ZEBRA 
titers 
1. Predict survival rate and 
metastases 
2. High sensitivity 
3. Data from relative large sample 
size (88 patients) 
4. Minimally invasive using serum 
5. Convenient  
6. Low-cost 
3. Not useful for type I and II NPC [31] 
EBV DNA 1. Predict remission and recurrence 
2. High specificity and sensitivity 
3. Data from relative large sample 
size (65 patients)  
4. Minimally invasive using serum 
5. Convenient  
6. Low-cost 
4. Not useful for type I and II NPC [34–36] 
Plasma RNA 
Integrity 
1. Predict remission 
2. Minimally invasive using serum 
3. Convenient  
6. Low-cost 
5. Data from relative small sample 
size (19 patients) 
[41] 
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Table 1. Cont. 
Biomarkers Advantages Limitations References 
Serum 
Metabolites 
1. Predict remission 
2. Minimally invasive using serum  
3. Low-cost 
1. Data from relative small sample 
size (19 patients) 
2. Lack of data on specificity and 
sensitivity 
[43] 
microRNA-205 1. Predict radioresistance 
2. Low-cost 
1. Lack of data on specificity and 
sensitivity 
2. Invasive tumor tissue is needed 
[48] 
ZNF608 and 
CSF1R gene 
1. Predict radioresistance 
2. Low-cost 
1. Data from relative small sample 
size (17 patients) 
2. Lack of data on specificity and 
sensitivity 
3. Invasive tumor tissue is needed 
[50] 
Combination of  
14-3-3σ, Maspin, 
GRP78 and  
Mn-SOD proteins 
1. Predict radioresistance 
2. Data from relative large sample 
size (90 patients) 
3. High specificity and sensitivity  
4. Low-cost 
1. Combination of four proteins 
leads to heavy work 
2. Invasive tumor tissue is needed 
[51] 
iNOS and bcl-2 
proteins 
1. Predict recurrence 
2. Data from relative large sample 
size (55 patients) 
3. Low-cost 
1. limited specificity 
2. Invasive tumor tissue is needed 
[52] 
sIL-2R and TNF-α 
proteins 
1. Predict remission and recurrence 
2. Data from relative large sample 
size (58 patients) 
3. Low-cost 
1. Lack of data on specificity and 
sensitivity  
2. Invasive tumor tissue is needed 
[53,54] 
Mn-SOD protein 1. Predict radioresistance 
2. Data from relative large sample 
size (69 patients) 
3. High specificity 
4. Low-cost 
1. Limited sensitivity 
3. Invasive tumor tissue is needed 
[55] 
PET image 1. Predict 5-year overall survival 
and disease-free survival 
4. Data from relative large sample 
size (62 and 75 patients) 
2. Expensive [59,60] 
Moreover, the use of molecular biomarkers allows continuous measurement of the response rate 
providing more information in designing the treatment plan and selection of radiotherapy techniques. 
Although it is promising to use biomarkers to monitor the efficacy of the radiation therapy, several 
questions remain unaddressed. First, is the biomarker specific to the NPC or it is a universal marker for 
common radiation therapy? Most of biomarkers studied in the NPC are not evaluated in other human 
malignancies; second, most of the candidate biomarkers are only examined in the retrospective study 
and are not yet evaluated in large population size with sufficient statistical power. In addition, the 
predictive values of the biomarkers in relation to prognosis and treatment efficacy remain unclear; 
third, the biological relevance of the biomarkers to the pathology of NPC and responses of NPC cells 
is not yet clear. Although it seems that EBV-associated NPC is relatively sensitive to radiation, the 
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mechanisms leading to such behavior remain unclear. Thus, further studies in large cohorts are 
warranted to identify accurate and reliable biomarkers for use to monitor the response of 
nasopharyngeal carcinoma cells to radiation therapy.  
Acknowledgments 
The study was supported by Seed Funding of Basic Research, The University of Hong Kong and  
Li Shu Pui Professorship, The University of Hong Kong. 
References 
1. Wei, W.I.; Sham, J.S. Nasopharyngeal carcinoma. Lancet 2005, 365, 2041–2054. 
2. Buell, P. The effect of migration on the risk of nasopharyngeal cancer among Chinese.  
Cancer Res. 1974, 34, 1189–1191. 
3. Dickson, R.I. Nasopharyngeal carcinoma: An evaluation of 209 patients. Laryngoscope 1981, 91, 
333–354. 
4. Mutirangura, A.; Tanunyutthawongese, C.; Pornthanakasem, W.; Kerekhanjanarong, V.; 
Sriuranpong, V.; Yenrudi, S.; Supiyaphun, P.; Voravud, N. Genomic alterations in 
nasopharyngeal carcinoma: Loss of heterozygosity and Epstein-Barr virus infection. Br. J. Cancer 
1997, 76, 770–776. 
5. Wee, J.T.; Ha, T.C.; Loong, S.L.; Qian, C.N. Is nasopharyngeal cancer really a “Cantonese 
cancer”? Chin. J. Cancer 2010, 29, 517–526. 
6. Chang, J.T.; See, L.C.; Liao, C.T.; Chen, L.H.; Leung, W.M.; Chen, S.W.; Chen, W.C. Early 
stage nasopharyngeal carcinoma: Radiotherapy dose and time factors in tumor control. Jpn. J. 
Clin. Oncol. 1998, 28, 207–213. 
7. Marks, J.E.; Phillips, J.L.; Menck, H.R. The National Cancer Data Base report on the relationship 
of race and national origin to the histology of nasopharyngeal carcinoma. Cancer 1998, 83,  
582–588. 
8. Rottey, S.; Madani, I.; Deron, P.; van Belle, S. Modern treatment for nasopharyngeal carcinoma: 
Current status and prospects. Curr. Opin. Oncol. 2011, 23, 254–258. 
9. Sanguineti, G.; Geara, F.B.; Garden, A.S.; Tucker, S.L.; Ang, K.K.; Morrison, W.H.; Peters, L.J. 
Carcinoma of the nasopharynx treated by radiotherapy alone: Determinants of local and regional 
control. Int. J. Radiat. Oncol. Biol. Phys. 1997, 37, 985–996. 
10. Reddy, S.P.; Raslan, W.F.; Gooneratne, S.; Kathuria, S.; Marks, J.E. Prognostic significance of 
keratinization in nasopharyngeal carcinoma. Am. J. Otolaryngol. 1995, 16, 103–108. 
11. Henriquez-Hernandez, L.A.; Bordon, E.; Pinar, B.; Lloret, M.; Rodriguez-Gallego, C.; Lara, P.C. 
Prediction of normal tissue toxicity as part of the individualized treatment with radiotherapy in 
oncology patients. Surg. Oncol. 2011, doi:10.1016/j.suronc.2011.12.002. 
12. Qu, Y.; Zhao, S.; Hong, J.; Tang, S. Radiosensitive gene therapy through imRNA expression for 
silencing manganese superoxide dismutase. J. Cancer Res. Clin. Oncol. 2010, 136, 953–959. 
13. Norbury, C.J.; Hickson, I.D. Cellular responses to DNA damage. Annu. Rev. Pharmacol. Toxicol. 
2001, 41, 367–401. 
Sensors 2012, 12 8843 
 
 
14. Qu, Y.; Zhang, H.; Zhao, S.; Hong, J.; Tang, C. The effect on radioresistance of manganese 
superoxide dismutase in nasopharyngeal carcinoma. Oncol. Rep. 2010, 23, 1005–1011. 
15. Puck, T.T.; Marcus, P.I. Action of x-rays on mammalian cells. J. Exp. Med. 1956, 103, 653–666. 
16. Patel, K.; Doudican, N.A.; Schiff, P.B.; Orlow, S.J. Albendazole sensitizes cancer cells to 
ionizing radiation. Radiat. Oncol. 2011, 6, doi:10.1186/1748-717X-6-160. 
17. Van Engeland, M.; Ramaekers, F.C.; Schutte, B.; Reutelingsperger, C.P. A novel assay to 
measure loss of plasma membrane asymmetry during apoptosis of adherent cells in culture. 
Cytometry 1996, 24, 131–139. 
18. Rogakou, E.P.; Pilch, D.R.; Orr, A.H.; Ivanova, V.S.; Bonner, W.M. DNA double-stranded breaks 
induce histone H2AX phosphorylation on serine 139. J. Biol. Chem. 1998, 273, 5858–5868. 
19. Paull, T.T.; Rogakou, E.P.; Yamazaki, V.; Kirchgessner, C.U.; Gellert, M.; Bonner, W.M.  
A critical role for histone H2AX in recruitment of repair factors to nuclear foci after DNA damage. 
Curr. Biol. 2000, 10, 886–895. 
20. Yan, J.; Jetten, A.M. RAP80 and RNF8, key players in the recruitment of repair proteins to DNA 
damage sites. Cancer Lett. 2008, 271, 179–190. 
21. Kuo, L.J.; Yang, L.X. Gamma-H2AX—A novel biomarker for DNA double-strand breaks. In Vivo 
2008, 22, 305–309. 
22. Sak, A.; Grehl, S.; Erichsen, P.; Engelhard, M.; Grannass, A.; Levegrun, S.; Pottgen, C.; 
Groneberg, M.; Stuschke, M. gamma-H2AX foci formation in peripheral blood lymphocytes of 
tumor patients after local radiotherapy to different sites of the body: Dependence on the  
dose-distribution, irradiated site and time from start of treatment. Int. J. Radiat. Biol. 2007, 83, 
639–652. 
23. Qvarnstrom, O.F.; Simonsson, M.; Johansson, K.A.; Nyman, J.; Turesson, I. DNA double strand 
break quantification in skin biopsies. Radiother. Oncol. 2004, 72, 311–317. 
24. Olive, P.L.; Banuelos, C.A.; Durand, R.E.; Kim, J.Y.; Aquino-Parsons, C. Endogenous and 
radiation-induced expression of gammaH2AX in biopsies from patients treated for carcinoma of 
the uterine cervix. Radiother. Oncol. 2010, 94, 82–89. 
25. Baumforth, K.R.; Young, L.S.; Flavell, K.J.; Constandinou, C.; Murray, P.G. The Epstein-Barr 
virus and its association with human cancers. Mol. Pathol. 1999, 52, 307–322. 
26. Old, L.J.; Boyse, E.A.; Oettgen, H.F.; Harven, E.D.; Geering, G.; Williamson, B.; Clifford, P. 
Precipitating antibody in human serum to an antigen present in cultured burkitt’s lymphoma cells. 
Proc. Natl. Acad. Sci. USA 1966, 56, 1699–1704. 
27. Cohen, J.I. Epstein-Barr virus infection. N. Engl. J. Med. 2000, 343, 481–492. 
28. Vasef, M.A.; Ferlito, A.; Weiss, L.M. Nasopharyngeal carcinoma, with emphasis on its relationship 
to Epstein-Barr virus. Ann. Otol. Rhinol. Laryngol. 1997, 106, 348–356. 
29. Shimakage, M.; Ikegami, N.; Chatani, M.; Yoshino, K.; Sato, T. Serological follow-up study on 
the antibody levels to Epstein-Barr virus-determined nuclear antigen (EBNA) patients with 
nasopharyngeal carcinoma (NPC) after radiation therapy. Biken. J. 1987, 30, 45–51. 
30. De-Vathaire, F.; Sancho-Garnier, H.; de-The, H.; Pieddeloup, C.; Schwaab, G.; Ho, J.H.; Ellouz, R.; 
Micheau, C.; Cammoun, M.; Cachin, Y. Prognostic value of EBV markers in the clinical 
management of nasopharyngeal carcinoma (NPC): A multicenter follow-up study. Int. J. Cancer 
1988, 42, 176–181. 
Sensors 2012, 12 8844 
 
 
31. Yip, T.T.; Ngan, R.K.; Lau, W.H.; Poon, Y.F.; Joab, I.; Cochet, C.; Cheng, A.K. A possible 
prognostic role of immunoglobulin-G antibody against recombinant Epstein-Barr virus BZLF-1 
transactivator protein ZEBRA in patients with nasopharyngeal carcinoma. Cancer 1994, 74, 
2414–2424. 
32. Lo, Y.M.; Chan, L.Y.; Lo, K.W.; Leung, S.F.; Zhang, J.; Chan, A.T.; Lee, J.C.; Hjelm, N.M.; 
Johnson, P.J.; Huang, D.P. Quantitative analysis of cell-free Epstein-Barr virus DNA in plasma of 
patients with nasopharyngeal carcinoma. Cancer Res. 1999, 59, 1188–1191. 
33. Lo, Y.M.; Chan, L.Y.; Chan, A.T.; Leung, S.F.; Lo, K.W.; Zhang, J.; Lee, J.C.; Hjelm, N.M.; 
Johnson, P.J.; Huang, D.P. Quantitative and temporal correlation between circulating cell-free 
Epstein-Barr virus DNA and tumor recurrence in nasopharyngeal carcinoma. Cancer Res. 1999, 
59, 5452–5455. 
34. Shotelersuk, K.; Khorprasert, C.; Sakdikul, S.; Pornthanakasem, W.; Voravud, N.; Mutirangura, A. 
Epstein-Barr virus DNA in serum/plasma as a tumor marker for nasopharyngeal cancer.  
Clin. Cancer Res. 2000, 6, 1046–1051. 
35. Tan, E.L.; Looi, L.M.; Sam, C.K. Evaluation of plasma Epstein-Barr virus DNA load as a 
prognostic marker for nasopharyngeal carcinoma. Singapore Med. J. 2006, 47, 803–807. 
36. Lin, S.Y.; Tsang, N.M.; Kao, S.C.; Hsieh, Y.L.; Chen, Y.P.; Tsai, C.S.; Kuo, T.T.; Hao, S.P.; 
Chen, I.H.; Hong, J.H. Presence of Epstein-Barr virus latent membrane protein 1 gene in the 
nasopharyngeal swabs from patients with nasopharyngeal carcinoma. Head Neck 2001, 23, 194–200. 
37. Tsui, N.B.; Ng, E.K.; Lo, Y.M. Molecular analysis of circulating RNA in plasma. Methods Mol. 
Biol. 2006, 336, 123–134. 
38. Silva, J.M.; Dominguez, G.; Silva, J.; Garcia, J.M.; Sanchez, A.; Rodriguez, O.; Provencio, M.; 
Espana, P.; Bonilla, F. Detection of epithelial messenger RNA in the plasma of breast cancer 
patients is associated with poor prognosis tumor characteristics. Clin. Cancer Res. 2001, 7,  
2821–2825. 
39. Kopreski, M.S.; Benko, F.A.; Kwak, L.W.; Gocke, C.D. Detection of tumor messenger RNA in 
the serum of patients with malignant melanoma. Clin. Cancer Res. 1999, 5, 1961–1965. 
40. Wong, B.C.; Chiu, R.W.; Tsui, N.B.; Chan, K.C.; Chan, L.W.; Lau, T.K.; Leung, T.N.; Lo, Y.M. 
Circulating placental RNA in maternal plasma is associated with a preponderance of 5' mRNA 
fragments: Implications for noninvasive prenatal diagnosis and monitoring. Clin. Chem. 2005, 51, 
1786–1795. 
41. Wong, B.C.; Chan, K.C.; Chan, A.T.; Leung, S.F.; Chan, L.Y.; Chow, K.C.; Lo, Y.M.  
Reduced plasma RNA integrity in nasopharyngeal carcinoma patients. Clin. Cancer Res. 2006, 12, 
2512–2516. 
42. Griffin, J.L.; Nicholls, A.W. Metabolomics as a functional genomic tool for understanding lipid 
dysfunction in diabetes, obesity and related disorders. Pharmacogenomics 2006, 7, 1095–1107. 
43. Tang, F.; Xie, C.; Huang, D.; Wu, Y.; Zeng, M.; Yi, L.; Wang, Y.; Mei, W.; Cao, Y.; Sun, L. 
Novel potential markers of nasopharyngeal carcinoma for diagnosis and therapy. Clin. Biochem. 
2011, 44, 711–718. 
44. Ambros, V. The functions of animal microRNAs. Nature 2004, 431, 350–355. 
Sensors 2012, 12 8845 
 
 
45. Chen, H.C.; Chen, G.H.; Chen, Y.H.; Liao, W.L.; Liu, C.Y.; Chang, K.P.; Chang, Y.S.; Chen, S.J. 
MicroRNA deregulation and pathway alterations in nasopharyngeal carcinoma. Br. J. Cancer 
2009, 100, 1002–1011. 
46. Zhang, X.; Cairns, M.; Rose, B.; O’Brien, C.; Shannon, K.; Clark, J.; Gamble, J.; Tran, N. 
Alterations in miRNA processing and expression in pleomorphic adenomas of the salivary gland. 
Int. J. Cancer 2009, 124, 2855–2863. 
47. Shi, W.; Alajez, N.M.; Bastianutto, C.; Hui, A.B.; Mocanu, J.D.; Ito, E.; Busson, P.; Lo, K.W.; 
Ng, R.; Waldron, J. Significance of Plk1 regulation by miR-100 in human nasopharyngeal cancer. 
Int. J. Cancer 2010, 126, 2036–2048. 
48. Qu, C.; Liang, Z.; Huang, J.; Zhao, R.; Su, C.; Wang, S.; Wang, X.; Zhang, R.; Lee, M.H.;  
Yang, H. MiR-205 determines the radioresistance of human nasopharyngeal carcinoma by 
directly targeting PTEN. Cell Cycle 2012, 11, 785–796. 
49. Chang, J.T.; Chan, S.H.; Lin, C.Y.; Lin, T.Y.; Wang, H.M.; Liao, C.T.; Wang, T.H.; Lee, L.Y.; 
Cheng, A.J. Differentially expressed genes in radioresistant nasopharyngeal cancer cells: gp96 
and GDF15. Mol. Cancer Ther. 2007, 6, 2271–2279. 
50. Yang, S.; Chen, J.; Guo, Y.; Lin, H.; Zhang, Z.; Feng, G.; Hao, Y.; Cheng, J.; Liang, P.; Chen, K. 
Identification of prognostic biomarkers for response to radiotherapy by DNA microarray in 
nasopharyngeal carcinoma patients. Int. J. Oncol. 2012, doi:10.3892/ijo.2012.1341. 
51. Feng, X.P.; Yi, H.; Li, M.Y.; Li, X.H.; Yi, B.; Zhang, P.F.; Li, C.; Peng, F.; Tang, C.E.; Li, J.L. 
Identification of biomarkers for predicting nasopharyngeal carcinoma response to radiotherapy by 
proteomics. Cancer Res. 2010, 70, 3450–3462. 
52. Jayasurya, A.; Dheen, S.T.; Yap, W.M.; Tan, N.G.; Ng, Y.K.; Bay, B.H. Inducible nitric oxide 
synthase and bcl-2 expression in nasopharyngeal cancer: Correlation with outcome of patients 
after radiotherapy. Int. J. Radiat. Oncol. Biol. Phys. 2003, 56, 837–845. 
53. Hsiao, S.H.; Lee, M.S.; Lin, H.Y.; Su, Y.C.; Ho, H.C.; Hwang, J.H.; Lee, C.C.; Hung, S.K. 
Clinical significance of measuring levels of tumor necrosis factor-alpha and soluble interleukin-2 
receptor in nasopharyngeal carcinoma. Acta Otolaryngol. 2009, 129, 1519–1523. 
54. Hsu, M.M.; Chen, Y.J.; Chang, Y.L.; Ko, J.Y.; Sheen, T.S. Soluble interleukin-2 receptor as a 
clinical parameter for nasopharyngeal carcinoma. Asian Pac. J. Allergy Immunol. 1995, 13, 1–4. 
55. Qu, Y.; Zhang, H.; Zhao, S.; Hong, J.; Tang, C. The effect on radioresistance of manganese 
superoxide dismutase in nasopharyngeal carcinoma. Oncol. Rep. 2010, 23, 1005–1011.  
56. Zhu, A.; Lee, D.; Shim, H. Metabolic positron emission tomography imaging in cancer detection 
and therapy response. Semin. Oncol. 2011, 38, 55–69. 
57. Graham, M.M.; Peterson, L.M.; Hayward, R.M. Comparison of simplified quantitative analyses 
of FDG uptake. Nucl. Med. Biol. 2000, 27, 647–655. 
58. Price, P.M.; Green, M.M. Positron emission tomography imaging approaches for external beam 
radiation therapies: Current status and future developments. Br. J. Radiol. 2011, 84, S19–S34. 
59. Xie, P.; Yue, J.B.; Fu, Z.; Feng, R.; Yu, J.M. Prognostic value of 18F-FDG PET/CT before  
and after radiotherapy for locally advanced nasopharyngeal carcinoma. Ann. Oncol. 2010, 21, 
1078–1082. 
Sensors 2012, 12 8846 
 
 
60. Liu, W.S.; Wu, M.F.; Tseng, H.C.; Liu, J.T.; Weng, J.H.; Li, Y.C.; Lee, J.K. The role of 
pretreatment FDG-PET in nasopharyngeal carcinoma treated with intensity-modulated 
radiotherapy. Int. J. Radiat. Oncol. Biol. Phys. 2012, 82, 561–566.  
61. Allard, W.J.; Matera, J.; Miller, M.C.; Repollet, M.; Connelly, M.C.; Rao, C.; Tibbe, A.G.;  
Uhr, J.W.; Terstappen, L.W. Tumor cells circulate in the peripheral blood of all major carcinomas 
but not in healthy subjects or patients with nonmalignant diseases. Clin. Cancer. Res. 2004, 10, 
6897–6904. 
62. Dotan, E.; Cohen, S.J.; Alpaugh, K.R.; Meropol, N.J. Circulating tumor cells: Evolving evidence 
and future challenges. Oncologist 2009, 14, 1070–1082. 
63. Sun, Y.F.; Yang, X.R.; Zhou, J.; Qiu, S.J.; Fan, J.; Xu, Y. Circulating tumor cells: Advances in 
detection methods, biological issues, and clinical relevance. J. Cancer Res. Clin. Oncol. 2011, 137, 
1151–1173. 
64. Ge, M.; Shi, D.; Wu, Q.; Wang, M.; Li, L. Fluctuation of circulating tumor cells in patients with 
lung cancer by real-time fluorescent quantitative-PCR approach before and after radiotherapy.  
J. Cancer Res. Ther. 2005, 1, 221–226. 
65. Lin, J.C.; Chen, K.Y.; Wang, W.Y.; Jan, J.S.; Wei, Y.H. PCR detection of circulating tumor cells 
in nasopharyngeal carcinoma patients with distant metastasis: Effect of enzyme and sampling. 
Head Neck 2002, 24, 591–596. 
66. Lee, C.C.; Ho, C.Y. Post-treatment late complications of nasopharyngeal carcinoma. Eur. Arch. 
Otorhinolaryngol. 2012, doi:10.1007/s00405-011-1922-2. 
67. Lee, A.W.; Poon, Y.F.; Foo, W.; Law, S.C.; Cheung, F.K.; Chan, D.K.; Tung, S.Y.; Thaw, M.; 
Ho, J.H. Retrospective analysis of 5037 patients with nasopharyngeal carcinoma treated during 
1976–1985: Overall survival and patterns of failure. Int. J. Radiat. Oncol. Biol. Phys. 1992, 23, 
261–270.  
© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/). 
